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ABSTRACT

The concept proposed is an electra-optic techniqu,.that would

make it possible to spatially modulate a high power pulsed laser beam to

thermoelastically Induce focused ultrasound In a test material. Being a

purely electra-optic device, the modulator, and therefore the depth at

which the acoustic focus occurs, can be programmed electronically at

electronic speeds. If successful, It would become possible to scan

ultrasound continuously in three dimensions within the component or

structure under test.

I
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1.0 IDENTIFICATION AND SIGNIFICANCE OF THE PROBLEM

The research presented here is an investigation of-the

feasibility of an electro-optic spatial light modulator that would make

it possible to program at high speed the position and depth of focused

ultrasound within a material under test. Ultrasonic nondestructive

inspection (NDI) of materials and structures is becoming more pervasive

in all business sectors, including defense, petroleum, construction and

transportation. This is a consequence of increasing public concern

about product safety and liability and the increasing commercial use of

intrinsically hazardous processes and chemicals. Another important

reason for increased NDI is economic. If a part can be proven to be

sound, it need not be removed from service, as is currently done for

some aircraft parts after a specified number of hours.

Ultrasonic inspection is performed by Introducing, via a trans-

ducer, a directional beam of sound into the material under test. Host

often the beam is physically scanned in a pattern designed to cover the

area of interest, and one of two test modes is employed:

1. The Transmission Mode. The sound is introduced into one

side of the material and measured on the other. If a flaw

is intercepted by the beam, the amplitude of the received

signal will be lover than that for an unflawed region.

This method is commonly used for sheet materials, such as

aircraft skin.

-2- 85-2361-02/40
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2. The Pulse Echo Node. The sound is introduced into the

material in the form of short pulses, and echos reflected

from flaws are received. The distance to the flaw can be

inferred by the transit tim of the echo. The accuracy of

both modes of operation Is improved by reducing the cross-

section of the ultrasonic beau, so that smaller flaws can

be detected and large flaws accurately sized.

The dominant method used to generate the ultrasound Is the piezo-

electric transducer. These devices can be fabricated in many shapes and

sizes and are quite efficient as both generators and receivers. Conse-

quently, they often perform double duty In the pulse echo mode. The

major disadvantage of this device Is the need for coupling between the

transducer face and the material, though this is not a devastating dis-

advantage in many cases, because testing can often be done in an

immersion tank, or water jets or small fluid filled coupling bags can be

used ll o. But the scan is still limited to mechanical velocities.

There are important instances, however, when physical coupling is

not possible. This occurs when the material is too hot, too radio-

active, or simply has a geometry too complex for the transducer and

coupling device to follow. Recently, the Electro-Magnetic Acoustic

Transducer (EHAT) was developed to overcome some of these objec-

tions' 2 1. The ENAT relies on the electro-magnetic generation of

alternating eddy currents In the material, which In turn induce particle

motion, and hence, elastic waves. Unfortunately, such transducers can

operate only In fe ro-magnetic materials, and their use Is precluded in
O

nonmetallic structures.
-3- 85-2361-02/40

-.............-/,-. .. ..... ..'.-...-... ..................... .



In the early 1960's White[3,4 proposed and demonstrated a -4

partial solution to the difficulty of scanned ultrasound: thermoelastic

generation of ultrasonic waves. By using a laser to thermally induce

elastic stresses in the surface of the material, ultrasonic waves can be

produced and scanned with the ease and speed of available optical tech-

niques. Additionally, little or no surface preparation is required.

However, if the surface characteristics are not optimum, incomplete

absorption of the optical energy necessitates higher optical power

levels to yield a given acoustic intensity. And the situation is

further aggravated by the fact that the thermoelastic process is inher-

ently Inefficient, producing acoustic intensities four to seven orders 7

of magnitude lower than the incident optical power. Hence, the optical

Intensities required to produce high acoustic energies within the sample

approach and often surpass those levels that cause ablative damage to

the surface of the material. But low optical power densities do produce

sound, albeit at very low levels, and this has led to the idea that if

the power density of the laser is distributed on the surface in proper

temporal and/or spatial sequence, the low level generated sound can be

made to focus at a desired location within the material. Thus, although

the sound is generated over a broad region with a low optical power den- 7

sity, it will focus to a high acoustic intensity at the desired spot

within the material.

The acoustic equivalent of the optical Fresnel zone plate [5 ] has

been considered as the means by which this focusing of the ultrasonic

energy might be accomplished. Unfortunately, a conventional Fresnel

zone plate produces properly focused energy only at a predetermined

-4- 85-2361-02/40
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depth within the material. If one wishes to change this depth, or to

actually scan it, that is possible only In discrete steps at mechanical

speeds, unless a novel electronic programming of the zone plate can be

devised. A promising approach to this problem is an electro-optic

modulation technique in which the depth at which the energy is focused

can be determined by electronic programing. It would offer speed and

versatility, and would result In the capability of producing focused

ultrasound that can be continuously scanned In three dimensions at

electronic speeds.

i
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2.0 BACKGROUND, TECHNICAL APPROACH, AND ANTICIPATED BENEFITS

Io

2.1 Background and Technical Approach --

The Phase I effort has been devoted to an investigation of the

feasibility of a novel approach to electro-optic spatial light modula-

tion. To understand the concept, consider the geometry of Figure 1,

which illustrates the reverse of the acoustic wave propagation problem

addressed in this program. An ideal infinitesimally short pulse of

acoustic energy is generated at time to - -Ro/v at a distance Ro within

the sample. The wavefront is spherical in shape and propagates to the

right with velocity v, and at time t - 0 Its apex just reaches the

surface. As the wavefront continues to propagate, the effect on the

surface is an elastic disturbance that begins as a point at r - 0 and

propagates outward as an annular ring of radius r, much like the circu-

lar waves that propagate outward from a pebble dropped into a pond of

still water. Now the total distance from the point at which the pulse

is generated to the annular ring of surface disturbance Is defined as R,

where

R2  r2 +R 2  (1)

and R R + vt . (2)
0

Combining Equations I and 2 yields

2 2
r RK + vt) -R

0 0

(3)

= V (2R °  vt)

-6- 85-2361-02/40
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Figure 1. Surface excitation of a focused acoustic impulse.



Equation 3 describes the surface radius (r) of the -ring of

elastic disturbance as a function of tim (t). However, the desire in

this program is to generate an Impulsive elastic disturbance at the

surface that will comen to a focus at Rot and this situation must be

reversed. In other words, the disturbance must be an annular ring that

shrinks from som maximum radius (r - r )at t - 0 to a point (r - 0) at

t- T. Furthermore, to produce the desired spherical acoustic

wavefront, the annular ring must shrink according to the relation

r I v(T-t) 12R + v(T-t)] (4)

where T a 0 (5)

Consider the following example, where

R - 40 -m

-m20..m (6)

v -6300 in/sec.

Substituting this information into Equation 5 yields

T -749 ns. (7)

If a laser is used to induce a thernoelastic surface disturbance

like that described above, it must generate a collimated pulse at least

749 ns long, and a device must be found that will obscure the collimated

beam, passing it only through an annular ring that shrinks according to

the relationship established in Equations 4 and 5. The electro-optic

spatial light modulator (EOSLM) Is just such a device. -

-8- 85-2361-02/40



The basic concept of the EOSLX is illustrated in Figure 2, which

is the standard configuration for a longitudinally excited, electro-

optic modulator[ 6 ] with one exception: one end face of the electro-

opLic crystal is conic in shape. In a standard electro-optic modulator,

where the length of the crystal does not vary with radius, the maximum

optical transmission occurs when the product of the applied voltage (V)

and the length (L) are equal to a constant that is determined by the

electro-optic material and the configuration of the modulator, i.e.,

VL-k . (8)

However, in the odulator proposed here, the relationship of Equation 8

holds true only for an annular ring about the optic axis. Furthermore,

as the applied voltage is reduced, the radius of the annular ring

shrinks accordingly, achieving the desired effect.

The Phase I proposal approach was to build and demonstrate

programmably focused ultra sound. For reasons discussed later, an

alternative device was demonstrated.

2.2 Benefits

If device of the type described is ultimately developed, the

I
result would be a method by which focused ultrasound can be easily

scanned in three dimensions within the material under test. The spatial

resolution of ultrasonic testing techniques would be radically

improved. The ease of the scanning technique and its electronic

programmability would result in greater facility for computerized

automation and a reduction in the time required to perform a scan. This

would eventually allow increased testing with higher sample densities at

-9- 85-2361-02/40
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improved resolution. In many cases the easily scanned, and essentially

noncontact nature of the technique would make possible In situ testing

to determine if critical components had deteriorated with age or use.

The ultimate impact would be greater reliability of critical components

and structures, especially in safety critical applications such as

aircraft and spacecraft components, high speed ground travel, and

advanced weapons and delivery system.

2.3 Alternative Approach

A much more simple way to achieve the effect of the collapsing

ring of light is to excite a Fresnel zone plate with a rapidly, multiple

pulsing laser. The outer ring in the plate generates an acoustic pulse

at time to which adds along the axis to a pulse generated by inner rings

at later times to + At. This, in effect, provides a collapsing ring
.1

which collapses in steps at a rate determined by the laser pulse -

separation. Because of the difficulty in manufacturing the EOSLH

described above within the scope of the project, the concept was

demonstrated with this electronically "programmable" Fresnel plate.

-ii- 85-2361-02/40
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3.0 PHASE I - TECHNICAL OBJECTIVES

The overall objective of Phase I is to answer the question of the

feasibility of electro-optically generating a rapidly shrinking ring of

surface thermoelastic disturbance to produce focused ultrasound. The

intent here is to demonstrate the concept experimentally. Note that

because of the limited scope of Phase I, theoretical work, beyond that

absolutely necessary to properly define the experiments, will be post-

poned until Phase 11.

To accomplish the overall objective of this program, certain

intermediate objectives mst be attained in the process. Specifically,

they are:

1. produce a Fresnel zone plate design for short rapid laser

pulses of spacing, 1-5 us.

2. fabricate the Fresnel zone plate, laser and electronics

according to the design produced in I), and

3. experimentally demonstrate focused ultrasound.

As with any research program, additional objectives were

identified as the work progressed and are addressed in later sections.

However, SDL is of the opinion that the objectives listed above are

those that are sufficient and necessary to attain the primary objective

of feasibility.

-12- 85-2361-02/40
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4.0 TECHNICAL DISCUSSION

4.1 Analytical Preparation

The concept of the Electro-Optic Spatial Light Modulator (EOSLM)

is illustrated In Figure 2. This Is essentially the configuration for a

longitudinally excited, electro-optic modulator[ 6) with one exception:

one end face of the electro-optic crystal is conic in shape so that its

longitudinal length L may be described by the equation

L = Lo - ar (9)

where r is the radial distance from the optic axis: L0 is the

longitudinal distance at the optic axis; and a determines the taper

angle of the conic end face.

The transmission characteristic of such a device ig
[6"

si 5 i2F (L -, (10)
0T0

where V is the applied voltage and V is a voltage characteristic of the

electro-optic material. If, for instance, a is chosen to be

Io (11) -
L

,0

-13- 85-2361-02/40

,o. .

. . . . . . . . . . . . . . . . . .



where R is the maximum radius of the crystal, then

1 2V 1  (12)
Y- sin 2  2)

The upper and middle plots of Figure 3 illustrate the

transmission characteristics of such a device for several values of V

between V and 6 V.. Note that if V starts high (6 V) and decreases,

the radial position of the intensity maxims move inward, which is the

basic process desired here. However, for a single device there are

multiple maxima In the spatial distribution where only one Is desired.

To overcome this, or at least improve the situation, two devices can be

placed in series and driven simultaneously. The upper and middle plots

of Figure 3 were chosen to illustrate this, i.e., if one device is

driven with a voltage decreasing from 2 V. to V. (upper curve), and the

other device is driven simultaneously with.a voltage decreasing from 6

Vw to 3 V. (middle curve), the lower plot of Figure 3 is the combined

spatial transmission characteristic that results. Hathematically, the

two devices correspond to two components of a Fourier series and it is

theoretically possible to produce any desired transmission charac-

teristic by cascading a sufficient number of EOSLM's. But the reduction

in the extraneous maxima in the lower curve of Figure 3 appears to be

sufficient for the problem at hand, and hence, two devices may be all

9that are necessary.

A detailed design effort Is required, though. Typically V, is

10,000 volts for an ADP crystal, an especially prohibitive value when

considering drive voltages as high as 6 V.. But this can be radically

-14- 85-2361-02/40
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Improved by transverse rather then longitudinal excitation of the

electra-optic material[7*101. Furthermore, Instead of driving two

identical devices with different voltages, It my be possible to drive

two different devices (different a) with the sam voltage. In any case,

the potential exists for programing the drive voltage so that the

position of the annular ring corresponds identically to that described

by Equation 4. Also not. that the drive requirements are not severe.

The drive voltage here need only be ramped, rather than stepped, during

period of several hundred nanoseconds, whereas "witch drives mist

commonly step several thousand volts In 10's of nanoseconds.

Task 1 - OSLM Design

A major task in Phase I was be to determine the proper design of

the EOSL. The various aspects of the design of electro-optic

modulators have been studied for many years and are known and well docu-

mented[6'10 ). However, they are optimized for wide bandwidth operation

at low drive voltage with flat, parallel crystal faces. And while low

drive voltage is desirable in the EOSLM, its required bandwidth is far

lower than that of a typical e-o modulator. This could be used to

advantage in the design of the EOSLM.

The basic goal of this task was to produce a design for a trans-

versely excited dOSI 0 with an acceptably low V. In standard modulators

the lowest drive voltages are achieved by using 45 X and/or Y cut

crystals of ADP or AD*P. They make use of the high value of the r4 r

electro-optic coefficient to reduce V. Such crystals are readily

available, and estimates have been obtained concerning polishing of the

-16- 85-2361-02/40
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conic surfaces. Unfortunately, this configuration exhibits increased

thermal instability and walkoff due to natural birefringence.

Compensation is successfully accomplished by properly orienting four

matched crystals in each modulatorl'i. "

Alternately, it my be advantageous to employ transverse excita-

tion of the somewhat lower r6 3 electro-optic coefficient in 45" Z cut

ADP or AD*P crystals. It should be possible to achieve a V. of 600 to

1000 volts, and in this configuration compensation only requires two

matched crystals in each modulator. Z cut crystals, however, are not as

readily available as the X and Y cuts.

The design will also have to include consideration of refraction

effects at the conic surface. It may be possible to compensate by using

external passive conic optical components, but the most likely method

will be proper choice of the index matching fluid used in the EOSLH.

Cargille is a strong candidate here since it provides an excellent index

2match to ADP and can withstand optical power densities up to 100 MW/cm

Designs were also considered for:

1. a sealed housing for the crystals with transparent

antirefleccion coated windows and high voltage isolation of

the parallel plate crystal mounts, and

2. the high voltage drive electronics.

-17- 85-2361-02/40
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Task 2 - EOSLI Fabrication and Preliminary Testing

After the preliminary design of the EOS1 was completed, we

attempted to locate a vendor for the complete component. .Me were unable

to find a vendor who was willing to meet the required specifications

within the time and cost constraints of the program. Therefore, we

directed the experimental part of the program to demonstrate the concept

in an alternate way.

Task 3

Figure 4 illustrates the configuration. The effective collapsing

0 light ring is generated by pulsing a ruby laser against a Fresnel zone

plate with pulse separation providing an effective focal length as

described in the next section.

-18- 85-2361-02/40
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5.0 PHASE I - EXPERIMENT

5.1 Experiment Apparatuses - .

An experiment was designed in which theruoelastically induced

focused ultrasound, by using a high power pulsed laser to thermally

induce elastic stress in the surface of the Fresnel zone plate, has been

investigated in water.

A photograph of the experiment setup is shown in Figure 5. The

output beam of the ruby laser is expanded and directed downward into an

experimental water tank, in which a Fresnel zone plate is placed on the

water surface. Absorption of the laser energy occurs in the discrete

black annular zones by a thin epoxy layer that was previously deposited

on the lower surface, which contacts with water surface, of the zone

plate. A piezoelectric transducer (2.25MlZ, 15" diameter) is used as a

receiver to measure the acoustic energy Intensity at the desired spots

in water. Water is chosen to provide excellent acoustic coupling to the

transducer. An amplifier (B & K charge amplifier 2635) is used to

magnify the transducer output signals. The transducer can be scanned in

three dimensions by using a remote controlled translation stage. A

photodector is used to measure the laser radiation intensity, and a

storage scope triggered by the laser power supply Is used to monitor

both the optical and acoustic signals at the same time. The optical

system is aligned by using a helium-neon laser.

-20- 85-2361-02/40
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Laser Characteristic

The ruby laser that we used is comprised of a 3-in by 3/8-in ruby

rod (0.05% doping), a helical flashlamp and two flat mirrors. The laser

radiation patterns showed that the laser pulse separations were randomly

distributed and about half of them were around 5msec.

5.2 Fresnel Zone Plate

The Fresnel zone plate is a diffraction grating with focusing

properties. The radii of the set of circular fringes with maximum

absorption of optical energy is

rn - (fX) 112 (n)12 (13)

where

f: focal depth in testing material

A: accoustic wavelength in test material

n: 1,3,5 .....

The acoustic wa,,elength in testing material is

A- v x At (14)

where v is the sound speed within the testing material; and At is the

laser pulse separation. The frequencies of the ultrasound generated by

the thermoelastic conversion process is entirely dependent upon the

temporal characteristics of the laser source. According to the

-22- 85-2361-02/40
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structure of laser output, most of the pulse separations are 5msec which

infers that the wave length of the ultrasound in water is 7.4mm.

Figure 6 shows that a zone plate can be constructed-by drawing on white

paper concentric circles whose radii are proportional to the square

roots of consecutive integers 1,2,3 .... These form annual zones, every

other one of which is to be blackened. This done, the figure is

photographically reduced to a desired size, and the resulting

transparency is the zone plate.

The first zone plate that we used to generate ultrasound in water

was designed to have a 1cm focal depth. The ruby laser rod beam was

expanded to 3-in diameter, at the time when it hit the zone plate, by

passing the beam through a -80mm focal length plano-concave lens. The

transducer was scanned in three dimensions. The test conditions are

listed in Table I.

5.3 Experiment

Figure 7 shows the energy intensity profile of the thermo-

elastically induced ultrasound along the axial axis of the zone plate in

water. It depicts that the induced ultrasound energy does focus to a

point on the axial axis which has a 1cm focal depth, and that agrees

with the theoretic designed focal length.

During the time the transduced was scanned in a horizontal plane,

along two radial axes, which intersect at a right angle at the focal

point, the transducer output signals oscillated up and down and had a

lowest reading at the focal point. It was found that most of the peak "

reading occurred when the transducer took a measurement right under the

-23- 85-2361-U2/40
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TABLE I

79ST CNDITIONS FOR ZONE PLATE NO. I

RUBY LASER
(HOLOBEAM 300) TRANSDUCER AMPLIFIER

CAVITY PUMPING AVERAGE TRANSDUCER OUTPUT UPPER FREQ. LOWER FREQ*LENGTH VOLTAGE PULSE SENSITIVITY RATING LIMIT LIMIT
(inch) (V) SEP. DIAL MVNO(z

______ (isec) unit out~ H)(z

22 4000 5.0 8.30 10 >100K 21

-25- 85-236102T/40
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transparent zones, at which part the optical energy went through the

transparent areas and hit the transducer face. The transducer has a

half-inch diameter black sensing face, which will absorb the optical

energy if it is directly hit by the laser light.

Laser Modifications

The radiation pattern of the ruby laser with a 22-In separation

between the two flat mirrors, showed a varity of high order mode outputs

which induced noises on the transducer output signals. In order to

minimize the high order mode without sacrificing the laser output

energy, the optical resonator was modified by extending the laser cavity

length from 22-In to 133-In, and the flashlamp pumping voltage was

raised from 4000v to 4300v. After the above changes, the structure of

the laser radiation patterns shoved that the appearance of the high

order modes was reduced and the average pulse separations were increased

to lOnsec, which infers that the average wavelength of the ultrasound is

14.8mm.

Zone Plate

The second zone plate has the following features: a 10cm focal

length which is based on the 14.8mm sound wavelength in water, the

transparent areas between black zones are covered by reflective

material, mylar film, which has a mirror-like reflecting surface so that

no laser light can go through the zone plate.

The laser rod beam was expanded by passing it through a -29mm

focal length plano-concave lens and at the time when the light hit the

-27- 85-2361-02/40
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zone plate the beam diameter was 6 inches. The transducer was scanned

in three dimension. Figure 8 shows the zone plate and the positions on

the two radial axes, X and Y, at which we took measurementa. The test

conditions are listed in Table 11.

5.4 Results

A sample of the results are presented here; Figures 9a to 9e show

the photographs of the laser output structures and the induced

ultrasound energy patterns. According to the zone plate, every 3, or

more than 3, consecutive laser pulses with equal time separation will

generate focusing acoustic waves. The time to be needed by the sound

wave to travel between the zone plate and transducer face is determined

by the distances between the transducer face and the zone plate, and

between the transducer face and the focal point.

The average energy intensity of the.ultrasound generated by each

laser radiation was measured individually by measuring the relative

absorption efficiency of the optical energy through each measuring

point. Characteristic intensity distributions of the induced accoustic

energy was evaluated at constant optical energy. The test conditions

are listed in Table ill. The relative absorption efficiency is the

transducer output measured relative to one unit photodetector output.

Figures lOa to lOc show the dependence of the acoustic energy

distribution on the depth within the test mterial and the horizontal

distance from the focal point. It demonstrates the accuracy of the

measurement technique. Figures 10b and 10c show a narrow energy

intensity distribution Is obtained at the focal point along the two
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orthogonal radial axes, which shows that the induced ultrasound was

focused In three dimensions.

An important feature of the zone plate; focusing of the

thermoelastically induced ultrasound can be accomplished by the Fresnel

zone plate and the depth of the focused energy within the test material

can be predetermined and programmed by changing the laser pulse

frequency.

.
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Figure S. Fresnel Zone Plate.
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I TABLE 11

TEST CONDITIONS FOR ZOlM FL&UE NO. 2

RUBY LASER TRANSDUCER AM4PLIFIER
(ROLOBEAM 300) _______ (B&K 635)_____

CAVITY PUMPING AVERAGE TRANSDUCER OUTPUT UPPER FREQ. LOWER FREQ.
LENGTH VOLTAGE PULSE SENSITIVITY RATING LIMIT LIMIT

r(inch) MV SEP. DIAL ________ (Hz)
A (1sec) _ _it _ _ _ _

133 4300 10 3.00 100 >100K 2
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1 Optical Signal

Time: 50 usec/Div.
Amplitude: 2V/IDiv.

Acoustic Signal

Amplitude: 20 MV/Div.

Figure 9a. Structures of the laser output and the induced ultrasound.
The transducer was placed at 3 cm under the center of the
zone plate.

Optical Signal

Time: 50 ijsec/Div. -

Amplitude: 2V/Div.

Acoustic Signal

R. VAmplitude: 20 MV/Div.

Figure 9b. Structuresof the laser output and the induced ultrasound.
The transducer was placed at 5 cm under the center of the
zone plate.
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Optical Signal.

Time: 50 usec/Div
Amplitude: 2V/Div

a Acoustic Signal

Amplitude: 20 MVI

Figure 9c. Structures of the laser output and the induced ultrasound.
The transducer was placed at 9 cm under the center of the
zone plate.

T Optical Signal

Time: 50 psec/Di'

Amplitude: 2V/Di,

Acoustic Signal

Zd% A Amplitude: 10 MV

Figure 9d. Structures of the laser output and the .induced ultrasound.

The transducer was placed at position 13 on the radial
Y axis.
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optical Signal

Time: 50 uzsec/Div.
Amplitude: 2V/Div.

Acoustic Signal-M m ' Amplitude: 10 WiT/Div.

Figure 9e. Structures of the laser output and the induced ultrasound.
The transducer to placed at position 16 on the radial
Y axis.
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TABLE III 

TEST MATRIX

TRANSDUCER PHOTODETECTOR TIME TRANSDUCER RELATIVE

POSITION AXIS OUTPUT DELAY OUTPUT ABSORPTION
(V) (usec) (MV) EFFICIENCY

17.4 7 18.3 • -3
I "on o.? oh 74 7 8.32.5 x103

2 8.0 13 28.7 3.6 x 10- 3

3 m - 0 6.5 20 26.0 4.0 x 10- 3

4 td tA. 7.8 26 35.7 4.6 x I0-3

5 7.5 33 37.5 5.0 x 10- 3

6 , 8.3 40 40.3 4.8 x O-3
7 L 1 6.3 46 25.7 4.1 x 10-3

8t. 6.5 53 16.0 2.5 x 10
,9 8.7 59 13.3 1.5 x 10- 3

1 7.4 28 20.0 2.7 x 10- 3

2 7.4 23 24.0 3.2 x 10- 3

3 6.5 18 17.7 2.7 x 10-3

4 7.7 13 8.0 1.0 x 10-3

5 t" 8.5 8 5.0 0.6 x 10- 3

6 7.8 28 16.7 2.1 x 107 *1 o 7.3 23 9.0 1.2 x 10- 3

8 o 10.0 18 11.3 1.1 x 10 3

9 8.0 13 5.0 0.6 x 10

10 ,- 7.0 28 12.3 1.8 x 10- 3

En 0 -311 . 7.7 23 21.6 2.8 x 103
12 8.3 18 14.0 1.7 x 10- 3

13 7.8 13 5.0 0.6 x 10
14 8.6 28 5.0 0.6 x 10- 3

103
15 fb " 8.7 23 7.3 0.8 x 10- 3

16 c 04 11.3 18 10.0 0.9 x 10
17 8.2 13 5.0 0.6 x 10- 3

85-236102T/40
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Figure 10.. Ultrasound Intensityproffe on axial axis.
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6.0 SUMMARY AND RECOMMENDATIONS

In the foregoing research, we have demonstrated analytically and

experimentally that a collapsing ring of light directed onto a target

surface will create ultrasound which is focused into the target at a

distance dependent upon the rate of collapse. An electro-optic

modulator was designed to produce a programble collapsing ring of

light. After the completion of the preliminary design, it was deter-

mined that, while possible to construct such a system, no vendor could

produce the system with guaranteed specifications and within the time

and cost constraints of the program.

Therefore, the collapsing ring concept was demonstrated by

illuminating a properly designed zone plate with pulsing laser

radiation. This emulated a ring of light which collapses in a stepwise

fashion. The system was shown to focus as.expected to a distance which

is directly proportional to the pulse separation. Although this method

demonstrates the validity of the concept, it is not itself a viable way

to achieve a collapsing ring in practice.

Therefore, before Phase II research could be justified, suitable

hardware is required to perform this function. Our experience to date

has not provided us with a source of the required hardware. Therefore,

we do not recommend Phase II research until such a device can be built,

whether it be the variety designed herein or of some other variety.
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